Integrated Resource Plan - Duke Energy Progress by Hira, Govinda & Haider, Maaz
The University of San Francisco 
USF Scholarship: a digital repository @ Gleeson Library | Geschke 
Center 
Master's Projects and Capstones Theses, Dissertations, Capstones and Projects 
Spring 5-20-2021 
Integrated Resource Plan - Duke Energy Progress 
Govinda Hira 
University of San Francisco, govinda.hira.93@gmail.com 
Maaz Haider 
University of San Francisco, maazali001@gmail.com 
Follow this and additional works at: https://repository.usfca.edu/capstone 
 Part of the Environmental Studies Commons 
Recommended Citation 
Hira, Govinda and Haider, Maaz, "Integrated Resource Plan - Duke Energy Progress" (2021). Master's 
Projects and Capstones. 1195. 
https://repository.usfca.edu/capstone/1195 
This Project/Capstone - Global access is brought to you for free and open access by the Theses, Dissertations, 
Capstones and Projects at USF Scholarship: a digital repository @ Gleeson Library | Geschke Center. It has been 
accepted for inclusion in Master's Projects and Capstones by an authorized administrator of USF Scholarship: a 
digital repository @ Gleeson Library | Geschke Center. For more information, please contact repository@usfca.edu. 
Energy Systems Management | University of San Francisco | Class of 2021 
   
INTEGRATED RESOURCE PLAN 






Govinda Hira & Maaz Haider 
 
 




The authors are grateful to the instructors, Dr. Jim Williams, and Ryan Jones, for their continued 
guidance and support throughout the IRP coursework. 
 
Special thanks to our hardworking TAs, Randy Chiu and Marc Gaulier, for their facilitation in all aspects 
of the project. Additional thanks to the Energy Systems Management Class of 2021 for keeping us sane 
and healthy during the last two years. 
 
Finally, nothing would have been possible without the support of our families, and close friends, who are 
a constant source of motivation and emotional support. 
  
2 | Page 
 
Table of Contents 
Executive Summary ....................................................................................................................................... 5 
1 Introduction .......................................................................................................................................... 7 
1.1 Overview of Duke Energy Progress ............................................................................................... 7 
1.2 Existing DEP System ...................................................................................................................... 8 
1.2.1 Generation ............................................................................................................................ 8 
1.2.2 Peak Load .............................................................................................................................. 9 
1.2.3 System Age ............................................................................................................................ 9 
1.2.4 Retirements ......................................................................................................................... 10 
1.2.5 System Cost ......................................................................................................................... 10 
1.3 Resource Needs Assessment ...................................................................................................... 11 
2 Overview of the Regulatory and Policy Framework ........................................................................... 12 
2.1 Integrated Resource Planning (IRP) Process and Filing Requirements ....................................... 12 
2.2 Policy and Regulatory Environment ............................................................................................ 12 
2.2.1 North Carolina – Local and State Framework ..................................................................... 12 
2.2.2 South Carolina – Local and State Framework ..................................................................... 13 
2.2.3 Federal Framework ............................................................................................................. 13 
3 Methodology ....................................................................................................................................... 15 
3.1 Electric Load Input ...................................................................................................................... 15 
3.2 Retail Forecast ............................................................................................................................. 15 
3.2.1 Residential ........................................................................................................................... 15 
3.2.2 Commercial ......................................................................................................................... 15 
3.2.3 Industrial ............................................................................................................................. 16 
3.3 Techno-Economic Inputs ............................................................................................................. 16 
3.3.1 Cost Inputs .......................................................................................................................... 16 
3.3.2 Performance Inputs ............................................................................................................ 16 
3.4 Resource Inputs .......................................................................................................................... 16 
3.4.1 Renewable Energy (RE) Profiles .......................................................................................... 16 
3.4.2 Transmission & Distribution (T&D) Costs ............................................................................ 17 
3.4.3 Combined Cycle Gas Turbine (CCGT) with Carbon Capture & Storage (CCS) ..................... 17 
3.5 Fuel Inputs ................................................................................................................................... 17 
3.5.1 Conventional Fuels .............................................................................................................. 17 
3.5.2 Synthetic Natural Gas (SNG) ............................................................................................... 18 
3 | Page 
 
3.5.3 Capacity Expansion Model (CEM) ....................................................................................... 18 
4 Development of Scenarios .................................................................................................................. 19 
4.1 Key Modelling Considerations & Constraints ............................................................................. 19 
4.1.1 Resource Consideration for Capacity Expansion ................................................................ 20 
4.1.2 Fuel Switch .......................................................................................................................... 20 
4.1.3 Allocation of Demand Side Management ........................................................................... 20 
4.1.4 Planning Reserve Margin .................................................................................................... 20 
4.1.5 Curtailment ......................................................................................................................... 21 
4.2 Metrics ........................................................................................................................................ 21 
4.2.1 Economic ............................................................................................................................. 21 
4.2.2 Environment ........................................................................................................................ 21 
4.2.3 System ................................................................................................................................. 21 
4.3 Description of Scenarios ............................................................................................................. 22 
4.3.1 Scenario I: Business-as-Usual (BAU).................................................................................... 22 
4.3.2 Scenario II: Alternative Case 1 – Clean100 ......................................................................... 23 
4.3.3 Scenario III: Alternative Case 2 – RE90 ............................................................................... 23 
5 Results ................................................................................................................................................. 25 
5.1 Capacity ....................................................................................................................................... 26 
5.2 Energy Generation & Electricity Sales ......................................................................................... 28 
5.3 Emissions ..................................................................................................................................... 29 
5.4 Total System Costs ...................................................................................................................... 31 
6 Sensitivity Analysis .............................................................................................................................. 33 
6.1 Solar Capacity Factors ................................................................................................................. 33 
6.2 SNG Price ..................................................................................................................................... 34 
7 Limitations........................................................................................................................................... 36 
8 Conclusion & Recommendation ......................................................................................................... 38 
9 Bibliography ........................................................................................................................................ 39 
 
  
4 | Page 
 
 
List of Figures 
Figure 1: DEP Territory  ................................................................................................................................. 7 
Figure 2: DEP 2019 Sales Split ....................................................................................................................... 8 
Figure 3: DEP Generation Fleet ..................................................................................................................... 8 
Figure 4: Historical Load Peaks by Season .................................................................................................... 9 
Figure 5: Capacity Retirements by Decade End (DE) .................................................................................. 10 
Figure 6: Revenue Requirement Split 2020 ................................................................................................ 10 
Figure 7: L&R Stack ..................................................................................................................................... 11 
Figure 8: Nameplate Capacity, RE Fleet, and Peak Load Comparisons in 2050 .......................................... 26 
Figure 9: Generation Mix Comparison by 2050 .......................................................................................... 28 
Figure 10: Emissions Analysis for Comparison by each decade .................................................................. 30 
Figure 11: System Costs Comparison by 2050 ............................................................................................ 31 
Figure 12: Revenue Requirement in Clean100 and RE90 scenarios for SNG Price variations .................... 35 
 
List of Tables 
Table 1: IRP Scenario Descriptions Summary ............................................................................................... 5 
Table 2: Comparative Metrics for BAU, Clean100 and RE90 scenarios ........................................................ 6 
Table 3: Scenario Parameters & Inputs ...................................................................................................... 19 
Table 4: Results Summary ........................................................................................................................... 25 
Table 5: RE Capacity by 2050 ...................................................................................................................... 27 
Table 6: Revenue Requirement and Average Rate under each scenario and price level ........................... 35 
  




This report profiles an Integrated Resource Plan (IRP) for Duke Energy Progress (DEP), a public utility 
subsidiary of Duke Energy. The goal of this IRP is to model the optimal portfolio of demand- and supply-
side resources to cater to the projected energy demand and system reliability requirements while 
satisfying the considered policy and regulatory obligations under different developed scenarios. DEP is 
required by North Carolina Utilities Commission (NCUC) Rule R8-60 and subsequent orders, the Public 
Service Commission of South Carolina (PSCSC) and The Energy Freedom Act (Act 62) in South Carolina, to 
submit an IRP every two years with an annual update in the year between. As such, this IRP will explore 
potential pathways for how the utility’s resource portfolio would evolve over the next three decades 
under evaluated scenarios.  
As of 2020, DEP owns approximately 17 GWs in generating assets with a peak load of 14.2 GWs, operated 
by conventional and aged power plants. Its energy sales of 63.7 TWh are met in half by nuclear alone while 
the other half is nearly satisfied by gas fired CCGTs and coal. Solar and hydro contribute with a diminutive 
amount while gas fired CTs are usually on standby. While the DEP system has enough connected capacity 
to fulfill its load and reserve margin, the projected load, based on forecasted increase and scheduled 
power plant retirements, begins to surpass capacity in 2029, a trend that continues through the next 21-
years with the resource gap rising to 11 GWs by 2050. The utility, as is the case currently, has to comply 
with the state’s mandated Renewable Portfolio Standard (RPS) of 12.5% by 2021 and onwards. 
Additionally, Duke Energy has an internal target of keeping all portfolios on a trajectory to meet its 




Alternative Case 1: 
Clean100 




12.5% maintained till 
2050 
25% by 2030 
37.5% by 2040  
50% by 2050 
30% by 2030 
60% by 2040 
90% by 2050 
Greenhouse Gas (GHG) 
Emissions (from 2005 levels) 
50% reduction by 2030, 
maintained till 2050 
70% reduction by 2030, 85% reduction by 2040 
100% reduction by 2050 
Table 1: IRP Scenario Descriptions Summary 
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For this study, three distinct scenarios are evaluated for the DEP’s system based on different 
environmental and resource considerations as outlined in the table above. The Business-as-Usual (BAU) 
case represents, in its true meaning, an outlook of DEP’s system in case of no major constitutional or 
regulatory changes occurring in the modeling period. The two alternative scenarios, Clean100 and RE90, 
present for two potential pathways to carbon neutrality by 2050 with high renewables generation (90%) 
envisioned in RE90 alternative and moderate renewables production (50%) proposed in Clean100. Finally, 
renewables and carbon-free resources are constrained by their utilization potential or early retirement. 
The table below shows comparative metrics under the different scenarios:   
Metrics Unit 2050 BAU 2050 Clean100 2050 RE90 
Peak Load MW 18,008 18,008 18,008 
Installed Capacity MW 25,276 36,159 72,119 
Generation GWh 78,262 81,378 89,569 
Energy Sales GWh 78,262 78,262 78,262 
     
Revenue Requirement $ B 7.98 11.20 15.33 
Average Retail Rate 
US 
c/kWh 
10.20 14.31 19.58 
     
RPS  12.5% 50% 90% 
RE Generation GWh 9,782 38,920 64,077 
     
Curtailment  - 7% 15% 
     
Emission MMT 12.42 - - 
Table 2: Comparative Metrics for BAU, Clean100 and RE90 scenarios 
This report highlights the system’s environmental and economic footprint under different scenarios and 
showcases the least-cost pathways for achieving the desired goals.   
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1 Introduction 
1.1 Overview of Duke Energy Progress 
 
Duke Energy Progress (DEP) is a public utility subsidiary of Duke Energy. The headquarters of DEP are 
located in Raleigh, North Carolina. DEP was formerly known as Progress Energy, incorporated in 1925, and 
was acquired by Duke Energy in 2012 1 making it one of the largest utilities in the United States.  
DEP’s territory spans across both North Carolina (NC) and South Carolina (SC) covering around 29,000 
square miles serving around 1.61 million customers 2. DEP’s power delivery system consists of 
approximately 6,266 miles of transmission lines and 77,203 miles of distribution lines 3.  
 
 
Figure 1: DEP Territory 4 
In addition to retail sales (70.2% of total sales) to residential, commercial & industrial, and military 
customers, DEP also sells wholesale electricity to incorporated municipalities and public & private utilities. 
The sales split in 2019 is as follows 5:  
 
1 (Duke Energy, Progress Energy Complete Merger, 2012) 
2 DEP 2020 IRP p. 4  
3 DEP 2020 IRP p. 27 
4 (Sorg, 2017) 
5 DEP 2020 IRP p. 225 
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Figure 2: DEP 2019 Sales Split 
1.2 Existing DEP System  
1.2.1 Generation  
 
The current DEP system comprises of various self-owned generation sources, including nuclear, natural 
gas, coal, and renewable generation consisting of solar and small hydro. The total installed capacity is 
17,017 MWS 6, of which the dependable capacity amounts to 16,666 MWS (97.9% of the installed capacity 
base), dominated by gas, nuclear and coal. The renewable energy (RE) share which accounts for solar (224 
MW) and hydro (227 MW) stands at a meagre 1.9%.  
DEP has a total of 31 units located at 21 sites. With respect to technology, DEP has a fleet of fast acting 
combustion turbines (CTs), based on gas and oil, of about 3,440 MWS (20.2% of the installed fleet). 
Baseload capacity is provided by a mix of nuclear, coal and gas based combined cycle combustion turbines 
(CCGTs), of about 13,117 MWS (77.1% of the installed base).  
 
 
Figure 3: DEP Generation Fleet 
 
6 Includes imports of 2,591 MWS of Gas CCGT and 83 MWS of Solar, to be considered as a generation resource for 
modeling purposes  
18,177 13,992 10,375 1,537 18,694
0 10,000 20,000 30,000 40,000 50,000 60,000
GWh
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DEP also has purchases of electricity which, according to 2020 IRP, is categorized into: Non-Compliance 
Renewable Purchases of 83 MWS and Non-Renewable Purchases of 2.591 MW, in the winter period 7. 
Furthermore, Demand Side Management (DSM) is also an important resource for DEP providing up to 507 
MWS of load reduction capability 2020 onwards. DSM has been modeled, in the stack model, as a peak 
shaving mechanism.  
 
1.2.2 Peak Load 
 
DEP has a winter peaking system attributable to the heating load on account of temperatures dropping in 
the winter months. However there have been instances where, on account of higher temperatures 
experienced in the summer months, the DEP system has experienced a summer peak. For the purpose of 
this analysis, a winter peaking system has been assumed. The historical seasonal peaks are outlined below:  
 
 
Figure 4: Historical Load Peaks by Season 
 
1.2.3 System Age 
 
The average age of the DEP fleet is approximately 30 years, with the median age being 22. Only 15 of the 
31 units were built after the year 2000, accounting for 6,166 MWS (36.2% of installed capacity) and 
consisting of gas based CCGTs, CTs and Solar.  
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1.2.4 Retirements  
 
Significant baseload capacity retirements are expected in the next decade, with the entire coal capacity, 
3,208 MW, to be taken offline before 2030. Other baseload generation such as nuclear, 3,730 MW, as per 
the IRP, is expected to be operated beyond 2050. The expected retirement schedule for the DEP fleet is 
depicted below:  
 
 
Figure 5: Capacity Retirements by Decade End (DE) 
1.2.5 System Cost 
 
The current base cost for the DEP system was calculated by simulating the year 2020 in the stack model. 
The basis of the Generation and Transmission & Distribution (T&D) cost is explained in Section 3.3.1 and 
3.4.2.1, respectively. The Generation cost accounts for 37.2% of the total system costs with the remaining 
portion attributable to T&D and Other costs.  
 
 















Coal Oil Gas Solar




T&D and Other Costs, 
$3,607 M
Generation - Fixed Generation - Variable T&D and Other Costs
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1.3 Resource Needs Assessment 
 
The system peak demand for DEP is forecasted to grow from 14,244 MWS in 2020 to 18,008 MWS by 
2050. Based on utility’s recently filed IRP, and calculations, the projected annual energy sales are set to 
increase from 63,761 GWh in 2020 to 78,262 GWh in 2050. Although DEP currently has enough capacity 
available through 2028 via its owned facilities in both North Carolina and South Carolina as well as 
contracted purchases (assumed as a resource), projected load begins to surpass resource capacity in 2029. 
This trend continues through 2050 as DEP’s fleet retires and the term for contracted purchases end, 
resulting in a forecasted resource gap of approximately 11,000 MWS by 2050. 
 
 













2020 2025 2030 2035 2040 2045 2050
M
W
Nuclear Hydro Gas CCGT Gas CT Solar Storage Coal Oil CT Total Load
11 GW 
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2 Overview of the Regulatory and Policy Framework  
2.1 Integrated Resource Planning (IRP) Process and Filing Requirements  
 
Though DEP’s service area is in two states, it operates as a single utility system and files a consolidated 
system IRP for both North Carolina and South Carolina. The filings are identical apart from certain state 
specific sections attributable to different requirements. They are subject to the North Carolina Utilities 
Commission (NCUC) and the Public Service Commission of South Carolina (PSCSC).  
The IRP balances resource adequacy and capacity to serve anticipated peak load with focus on consumer 
affordability and least cost, as well as compliance with both state and federal environmental standards.  
 
2.2 Policy and Regulatory Environment 
 
This section provides for an overview of the local and state frameworks in North Carolina and South 
Carolina as well as federal policies that influence or govern DEP. 
 
2.2.1 North Carolina – Local and State Framework 
 
North Carolina has passed two critical pieces of energy legislation in the past decade that frame its 
regulatory climate. Renewable Energy & Energy Efficiency Portfolio Standard (REPS), passed in 2007 with 
signing of Senate Bill (SB) 3, is the first portfolio standard in the Southeast to require investor-owned 
utilities (IOUs) to meet 12.5% of their energy needs with renewable resources or efficiency measures by 
2021 8. More recently, the Competitive Energy Solutions for North Carolina came into law by the passage 
of House Bill (HB) 589 in 2018 which updated and expanded the state’s energy landscape. HB 589 laid 
down measures for solar leasing, a solar rebate program, a community solar program, and the creation of 
a program for large businesses, universities, and the military to directly procure renewable energy. The 
bill even required DEP to procure 2,660 MWS of renewable energy over a 45-month window 9. 
Additionally, in October 2018, North Carolina Governor Roy Cooper signed Executive Order (EO) 80, which 
laid out a 40% emission reduction by 2025 goal for the state and directed the Department of 
Environmental Quality (DEQ) to develop a Clean Energy Plan (CEP). The state’s 2019 CEP proposes a goal 
to reduce greenhouse gas emissions (GHG) in the state’s electric power sector to 70% below 2005 levels 
 
8 (DSIRE: NC Clean Technology Center, 2018) 
9 (North Carolina House Bill 589, 2017) 
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by 2030, and to attain carbon neutrality by 2050 10. DEP has been an active participant in the CEP 
stakeholder processes which is evaluating different policy pathways. 
 
2.2.2 South Carolina – Local and State Framework 
 
South Carolina, with SB 1189 in 2014, created a voluntary Distributed Energy Resource (DER) program (Act 
236) and mandated the state’s Public Service Commission (PSC) to develop new accompanying net 
metering rules. The legislation allowed utilities to recover costs for meeting a 2021 target of 2% aggregate 
generation capacity from renewable resources 11. Adding to this legislation is the Energy Freedom Act, 
also known as Act 62, which was passed into law in 2019. It grants customers the right to rates that enable 
energy efficiency and demand response, removes the cap on solar leasing and generation capacity from 
DERs, requires utilities to file for voluntary renewable programs for commercial and industrial customers, 
and directs the PSC to revise interconnection standards to include energy storage 12. 
Finally, Duke Energy, as a conglomerate, is already planning its portfolio to meet its near-term enterprise 
carbon-reduction goal of at least 50% by 2030 and long-term goal of net-zero by 2050. This trajectory will 
enable the company to retire all coal-fired units by 2030. 
 
2.2.3 Federal Framework 
 
In addition to the state commissions and agencies, DEP is also subject to the jurisdiction of federal 
agencies including the Federal Energy Regulatory Commission (FERC), Environmental Protection Agency 
(EPA), and the Nuclear Regulatory Commission (NRC). These agencies regulate the activities of DEP as they 
pertain to interstate and wholesale energy, electric reliability, nuclear power, GHG emissions and overall 
environmental impact. 
DEP, through the EPA’s air emission regulations, is required to comply with the federal Acid Rain Program 
(ARP), the Cross-State Air Pollution Rule (CSAPR) NOX and SO2 cap-and-trade program, the Mercury, and 
Air Toxics Standards (MATS) rule, the National Ambient Air Quality Standards (NAAQS), and the carbon 
dioxide (CO2) emission limits for new, modified, and reconstructed power plants. EPA also finalized the 
Affordable Clean Energy (ACE) rule in July of 2019, repealed the Clean Power Plan (CPP) in a related rule 
 
10 (Brooks, Cross-Call, House, & Shipley, 2020) 
11  (Act 236, 2016)  
12 (South Carolina Office of Regulatory Staff, 2019) 
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and established CO2 emission standards for existing coal-fired power plants only while declining to set 
standards for existing natural gas plants. States have until July 8, 2022, to submit plans based on 
application of efficiency improvements at existing coal-fired power plants to EPA for approval 13. 
DEP’s fleet of nuclear, coal, and combined-cycle plants in both states is heavily impacted by the federal 
regulations implementing 316(b) of the Clean Water Act (CWA) which regulates cooling water intake 
structures while its coal-fired facilities have technologies to meet the Effluent Limitations Guidelines and 
Standards for the Steam Electric Power Generating Point Source Category (“ELG Rule”). 
Lastly, the Public Utilities Regulatory Policies Act (PURPA) and the financial incentives such as the 
Investment Tax Credit (ITC), the Production Tax Credit (PTC), and the Modified Accelerated Cost-Recovery 
Systems (MACRS), which provide favorable project financing and accounting conditions, have, and will 











13 DEP 2020 IRP p. 354 
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3 Methodology  
3.1 Electric Load Input  
 
DEP’s 2020 IRP outlines a long-term forecast for peak demand, and energy on an annual basis through 
2035. DEP’s energy projections are based on econometric models using economic factors such as income, 
electricity prices, industrial production indices, along with weather, appliance efficiency trends, rooftop 
solar trends, and electric vehicle trends 14. The economic and demographic projections are obtained from 
Moody’s Analytics, and include economic forecasts for both the states of North Carolina and South 
Carolina.  
 
3.2 Retail Forecast 
 
Weather impacts are incorporated into the models by using Heating Degree Days (HDDs) with a base 
temperature of 59F and Cooling Degree Days (CDDs) with a base temperature of 65F.  





The residential sales forecast is based on the customer base driven by population, energy use per 
customer impacted by weather, regional economic and demographic trends, electricity prices, and 
appliance efficiencies. The usage per customer forecast was derived using a Statistical Adjusted End-Use 
Model (SAE) - a regression-based framework that uses projected appliance saturation and efficiency 
trends. The projections for customer usage stay constant throughout hence most of the growth is 





Similar to the residential modeling exercise, the commercial forecast also uses an SAE model to reflect 
naturally occurring as well as government mandated efficiency changes.  
 
14 DEP 2020 IRP p. 214 
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Commercial energy sales are expected to grow 0.1% per year largely being attributable to offices, 
education, and retail outlets.  
 
3.2.3 Industrial  
 
The industrial forecast is driven by a standard econometric model, with drivers such as total 
manufacturing output and the price of electricity. Overall, Industrial sales are expected to decline 0.2% 
per year from 2021 – 2035.  
 
3.3 Techno-Economic Inputs 
3.3.1 Cost Inputs  
 
The 2020 National Renewable Energy Laboratory (NREL) Annual Technology Baseline (ATB) was utilized as 
the data source for all technology costs including capital costs, besides fixed and variable operations & 
maintenance (O&M) costs. Financial life of the power plants was assumed to be 30 years after which only 
the O&M portion of the costs was attributable to the Revenue Requirement. Furthermore, the discount 
rates, for the analysis horizon, were also taken from the 2020 NREL ATB.  
 
3.3.2 Performance Inputs 
 
The heat rates for the existing generator fleet were taken from the Energy Information Administration’s 
(EIA) Annual Electric Generator Report (Form EIA-860). For new installed capacities, coming online in each 
decade, the generator heat rates were taken from the 2020 NREL ATB, which provided projections for till 
2050.  
The average heat rate of the entire fleet is considered in the Load Duration Curve (LDC) and Screening 
Curve (SC) analysis for thermal capacity enhancements to meet reliability standards.  
 
3.4 Resource Inputs 
3.4.1 Renewable Energy (RE) Profiles  
 
The RE profiles for solar were based on the NREL System Advisor Model (SAM) where solar irradiation 
data from existing solar sites in DEP territory was averaged to account for the solar shape in the stack 
model. The average capacity factor (CF) was around 19%.  
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For wind and offshore wind, the NREL Wind Prospector was leveraged where energy shape was derived 
from sites with higher quality wind resources with above average wind speeds. The average CF was 35% 
and 42% for onshore and offshore wind projects, respectively. 
 
3.4.2 Transmission & Distribution (T&D) Costs 
3.4.2.1 T&D Base Cost 
 
The cost for the base year in 2020 was calculated using a top-down approach where the average retail 
rate was reverse engineered to calculate the total Base Revenue Requirement. The Generation portion of 
the cost, calculated via simulating the stack model, was deducted to arrive at the T&D and Other costs.  
 
3.4.2.2 Cost Adder for RE  
 
Apart from the T&D cost being pegged to peak load, an additional RE adder of $ 100 million per every 
2000 MWS of incremental RE capacity is considered in the analysis 15. This was undertaken to account for 
grid investment/enhancements to accommodate increasing RE penetration being modeled in the 
alternate scenarios.  
  
3.4.3 Combined Cycle Gas Turbine (CCGT) with Carbon Capture & Storage (CCS) 
 
The total cost of installing and operating a CCGT + CCS facility was taken from the NREL ATB 2020. 
However, the ATB does not include the cost for carbon storage which has been assumed at $ 45/metric 
ton of carbon dioxide 16. This additional cost serves to make the analysis more realistic and is subject to 
significant decline with advancements in technology in the future.  
 
3.5 Fuel Inputs 
3.5.1 Conventional Fuels 
 
All fuel inputs which include Natural Gas, Petroleum (Oil), Uranium for Nuclear, and Coal were taken from 
the Energy Information Administration (EIA) Annual Energy Outlook (AEO) which forecasts annual prices 
 
15 DEP 2020 IRP p. 57 
16 (Gaulier & Roche, 2019) 
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of fuel till 2050. To account for the seasonal fluctuations in prices, the variations in fuel prices of past 
years, 2017-2019, were benchmarked to translate yearly costs for 2020-2050 into monthly prices for the 
same period.  
 
3.5.2 Synthetic Natural Gas (SNG) 
 
SNG costs were taken as an optimistic benchmark for a future scenario where significant development 
has taken place with power-to-gas industry learning, electrolysis technology adoption, and carbon 
sourcing. The cost used to undertake this analysis is based on an E3 Study for the California Energy 
Commission (CEC) 17. A sensitivity analysis with varying SNG prices is also undertaken which will be 
discussed in Section 6.2.  
 
3.5.3 Capacity Expansion Model (CEM) 
 
An excel based capacity expansion model methodology was used to identify the gap in capacity in DEP’s 
electricity generation system for the analysis. The model was simulated in a stepwise method in the 
following order:  
➢ Achievement of RPS Objective along the Least Cost Path in line with resource availability 
considerations 
➢ Maintaining Total Emissions and the Emissions Intensity target for each scenario 
➢ Meeting the Planning Reserve Margin level of 17% via application of a Load Duration and 
Screening Curve to meet the pertinent baseload (CCGTs) and peaking (CTs) requirements   
 
17 (Energy and Environmental Economics (E3), 2020) 
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4 Development of Scenarios 
 
The objective of the IRP is to identify the optimal resource mix that will meet the projected demand 
reliably in each year through 2050 while catering to all the operating requirements necessary. The model 
outlines, evaluates, and compares three scenarios, each of which starts with the existing resources in the 
DEP system and forecasts the changes in the system through 2050. The three cases up for review are as 
follows: 
·       Business-as-Usual (BAU) 
·       100 percent Carbon-free Energy (Clean100) 
·       90 percent Renewable Energy (RE90) 
   
Scenario Reference: Business-as-
Usual (BAU) 
Alternative Case 1: 
Clean100 




12.5% maintained till 2050 25% by 2030 
37.5% by 2040  
50% by 2050 
30% by 2030 
60% by 2040 
90% by 2050 
Greenhouse Gas (GHG) 
Emissions (from 2005 
levels) 
50% reduction by 2030, 
maintained till 2050 
70% reduction by 2030,  
85% reduction by 2040, 
100% reduction by 2050 
Onshore Wind Potential 1,200 MWs by 2050 2,500 MWs by 2050 
Offshore Wind Potential No offshore wind  5,500 MWs by 2050 
Forced Retirement by 2050 N/A N/A Nuclear 
Table 3: Scenario Parameters & Inputs 
 
4.1 Key Modelling Considerations & Constraints 
 
For the modeling of scenarios under this IRP, the considerations and assumptions that guided our 
approach are described below. 
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4.1.1 Resource Consideration for Capacity Expansion 
 
In the process of determining the optimal mix under all scenarios to meet the renewable portfolio 
standard (RPS), greenhouse gas (GHG) reduction, and planning reserve margin (PRM), onshore wind and 
offshore wind were restricted by their respective realistic development and practical deployment 
potential. For the BAU, onshore wind was restricted to 500 MWs by 2030, 1,000 MWs by 2040, and 1,200 
MWs by 2050 18. For the alternative scenarios, onshore wind was constrained to 1,500 MWs by 2030, 
2,000 MWs by 2040, and 2500 MWs cumulative by 2050. Similarly, Offshore Wind was limited to 200 MWs 
by 2030, 3000 MWs by 2040, and 5500 MWs cumulative by 2050. 
 
4.1.2 Fuel Switch 
 
CCGT + CCS generators, in Clean100 and RE90, were assumed to run on natural gas, capturing 90% of their 
CO2 emissions. However, to model CCGT + CCS as a carbon-free resource in 2050, we assumed that a 
blended fuel, consisting of 90% natural gas and 10% Synthetic Natural Gas, was used. Furthermore, we 
also switched the fuels used in combustion turbines (CTs) from natural gas to Synthetic Natural Gas (SNG) 
in 2050 to achieve the zero-carbon emissions target.  
 
4.1.3 Allocation of Demand Side Management 
 
For this IRP, demand-side management (DSM) has been subtracted upfront from the peak demand to 
result in a revised peak demand for each year. This adjusted peak demand, less of any load reduction due 
to DSM, has been considered as our actual forecasted demand for each year. 
 
4.1.4 Planning Reserve Margin 
 
Based on the physical and economic reliability results of different scenarios and sensitivities run for both 
Duke Energy Carolinas (DEC) and Duke Energy Progress (DEP) by Astrape Consulting, an expert in the 
resource adequacy (RA) and integrated resource planning (IRP), a minimum 17% reserve margin was 
recommended, which would result in an LOLE of 0.12 events per year (or one event every 8.3 years). Thus, 
a planning reserve margin (PRM) requirement of 17% was considered for this IRP. 
 
18 Resource constraints in BAU scenario is in accordance with DEP’s 2020 IRP.  




To make efficient use of our resources and integrated network and to minimize wastage of power, 








• Revenue Requirement - the amount of money a utility must collect from customers to meet its 
annual fixed, variable, transmission, and distribution costs. Fixed costs include capital recovery 
for its generating facilities while variable costs include plant operations and maintenance (O&M) 
expenses and fuel costs. Transmission and distribution costs include the costs of building, 
expanding, operating, and maintaining the network of poles and wires used to transmit electricity. 
DEP’s allowable profit margins were not accounted for in the analysis conducted  
• Average Retail Rates – an average cost driven by revenue requirement which is chargeable to 




• Emissions – the total release of carbon dioxide (CO2) from electricity generation, measured in 
million metric tons (MMT) 
• Renewable Portfolio Standard (RPS) – the percentage share of renewable energy (wind, solar, 




• Installed Capacity – the rated or nameplate capacity in MWs of the deployed power generating 
resources representing the maximum output the system is designed to dispatch under ideal 
conditions 
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• Dependable Capacity – the maximum load in MWs a facility can reliably serve during a system 
peak, modified for seasonal and weather limitations, and reduced by the capacity required for 
station service or auxiliaries. 
o The installed capacity and dependable capacity are the same for thermal resources. The 
dependable capacity served by solar, onshore, and offshore wind, and storage is based 
on their ability to shave off the system’s peak load in winter and is calculated and provided 
in aggregate for this IRP 
• Planning Reserve Margin - the maximum available capacity supply standing for a utility, as a 
percentage share, in excess of its forecasted peak load  
• Curtailment – reduction of resource output, measured in MWh, below what it could have 
otherwise produced due to less than forecasted demand, over generation, a combination of both, 
and/or wire-related constraints 
• Generation – total annual energy produced specified in MWh, without accounting for losses 
• Sales – generated electricity, specified in MWh excluding curtailment and net of battery storage, 
that is sold to end-use customers 
 
4.3 Description of Scenarios 
4.3.1 Scenario I: Business-as-Usual (BAU) 
 
How will DEP fare on its economic, environmental, and system metrics  
if it continues to operate under the current regulatory scheme? 
 
The BAU scenario is the base case in which DEP meets all future capacity requirements at the lowest cost 
while adhering to the current regulations. The BAU scenario maintains the mandated 12.5% Renewable 
Portfolio Standard (RPS) for investor-owned utilities (IOUs) in North Carolina through 2050. It further 
adheres to the utility’s near-term enterprise carbon-reduction goal of at least 50% from 2005 levels by 
2030, maintaining it till 2050.  
As reflected in the resource assessment section, the capacity deficit of around 11 GWs by 2050 is first met 
by an input of the least-cost onshore wind and solar generation to satisfy the 12.5% RPS by 2021 
requirement and then by the economic combination of resources available, which is majorly combustion 
turbines (CT) and combined-cycle gas turbines (CCGT) with limited renewables deployment.  
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This portfolio, just as alternative portfolios, would enable the utility to retire all units that rely exclusively 
on coal by 2030. No other governing limitations or in-consideration state policies were enforced in this 
scenario. 
 
4.3.2 Scenario II: Alternative Case 1 – Clean100 
 
What is the most economic and practical pathway to 
 a carbon-neutral electric power system by 2050? 
 
The first alternative case presents for a scenario in which DEP’s system has a 25% RPS obligation by 2030, 
37.5% by 2040 and 50% by 2050. It is further constrained by a 70% greenhouse gas (GHG) emission 
reduction from 2005 levels by 2030 and 100% reduction by 2050. This is consistent with the state’s in-
development Clean Energy Plan (CEP) which is evaluating policy pathways for eventual carbon neutrality 
for the electric power sector. DEP has been an active participant of CEP’s stakeholder process.  
Considering the increased RPS and GHG reduction directive under this development, offshore wind is also 
considered as a renewable resource controlled by its deployment and transmission potential. Combined 
cycle gas turbines (CCGTs) with carbon capture and sequestration (CCS), referred to as CCGT- CCS in this 
report, are additionally available as low to zero carbon energy resource, depending on the fuel, for 
potential deployment under this case considering the economics and emission targets. Synthetic Natural 
Gas (SNG) is also available as an alternative to natural gas in 2050 for peaking resources. While nuclear, 
hydro, and geothermal fall under the umbrella of carbon-free resources, they are not considered for new 
installations in modeling due to their physical buildout constraints and/or high infrastructure costs and 
prerequisites.  
 
4.3.3 Scenario III: Alternative Case 2 – RE90 
 
What is the cost, benefit, and challenge of  
a system with high renewable penetration? 
 
The second alternative case, RE90 scenario, was designed for the DEP to meet 30% RPS by 2030, 60% by 
2040 and 90% by 2050. By the end of the IRP’s modeled year, 90% of the energy generated would come 
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from renewable energy resources. The RE90 scenario was held to the same standard of GHG emissions 
reduction as the Clean100 case which is in line with the state’s in-process proposal. This alternative case 
focuses on a high renewables penetration while committing to the net-zero carbon goal.  
Onshore and offshore wind as well as solar are considered for potential new deployment as renewables 
while CCGT-CCS is available as low to zero carbon energy source and SNG as an alternate renewable fuel 
peaking combustion turbine. All nuclear plants are retired by 2050 as their operation tenure exceeds 60 
years as well as to attain our renewable generation objective. Geothermal and hydro are restricted by the 
same constraints as mentioned in the Clean100 case. 
A 90% renewables arrangement compared to 100% carbon-neutral scheme would present for a cost-
benefit analysis in terms of economic, environmental, and system balancing, which would help guide the 
analysis for different policy pathways for the future.   




A snapshot of the key metrics pertaining to the three scenarios is presented below:  
 
Metrics Unit 2050 BAU 2050 Clean100 2050 RE90 
Peak Load MW 18,008 18,008 18,008 
Installed Capacity MW 25,276 36,159 72,119 
Dependable Capacity MW 21,070 21,070 21,070 
Generation GWh 78,262 81,378 89,569 
Energy Sales GWh 78,262 78,262 78,262 
Sales from Nuclear GWh 32,562 23,059 - 
Sales from Gas GWh 35,918 14,066 9,403 
     
Revenue Requirement $ B 7.98 11.20 15.33 
Average Retail Rate 
US 
c/kWh 
10.20 14.31 19.58 
     
RPS  12.5% 50% 90% 
RE Generation GWh 9,782 38,920 64,077 
PV Generation GWh 5,302 14,076 46,502 
     
Curtailment GWh - 3,116.27 11,307.30 
Curtailment  - 7% 15% 
     
Emission MMT 12.42 - - 
Emission Intensity 
Kg CO2 / 
MWh 
159.1 - - 
Table 4: Results Summary 
  





The system capacity, for comparison between the different scenarios, is shown by overall installed 
capacity and renewable deployments compared to the peak load, which remains the same under all three 
scenarios due to an identical load shape. As the dependable capacity remains constant for all three 
scenarios at 21,070 MWs, the RE installations is alternatively depicted in this analysis to provide an 
additional basis for comparison. The respective increases till 2050 for each of the scenarios is illustrated 
below:  
 
Figure 8: Nameplate Capacity, RE Fleet, and Peak Load Comparisons in 2050 
 
In all the three cases system capacity shortfall was determined at 11 GWs as the peak load grew from 14.2 
GW to 18.0 GW from 2020 to 2050. However, with differing RPS and GHG reduction targets, the build out 
of capacity to meet the supply shortfall was varied and is outlined in detail below along with the respective 














Peak Load RE Fleet Installed Capacity
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RE Resource 2020 BAU 2050 BAU 2050 Clean100 2050 RE 90 
Wind - 1,200 2,500 2,500 
Solar 224 3,160 8,390 27,717 
Hydro 227 227 227 227 
Offshore Wind - - 5,252 5,500 
Table 5: RE Capacity by 2050 
 
In the BAU case, the RPS was maintained at 12.5% coupled with a 50% GHG reduction from 2005 levels, 
till 2050. The total capacity additions from 2020 aggregated to 8.3 GWs, with installed base increasing 
from 17.0 GWs to 25.3 GWs. 4.1 GWs of renewable capacity was installed in the 30-year period with Solar 
and Wind additions of 2.9 GWs and 1.2 GWs, respectively. No storage was added as curtailment levels 
were maintained at 0% throughout the analysis period.  The dependable capacity was increased to 21.1 
GWs by 2050 (83.4% of the installed capacity - the highest proportion in all three scenarios) which was 
dominated by 5.8 GW of CCGT additions to meet baseload followed by 1.6 GW of CTs to meet peaking 
capacity requirements.  
 
In the Clean100 case, the RPS was increased from 1.9% in 2020, to 50% share of renewables in the mix by 
2050 besides intermediate targets of 25% and 37.5% by 2030 and 2040, respectively. The build out was 
also constrained by a GHG reduction target of 100% by 2050 with transitional reductions of 70% and 85% 
by 2030 and 2040, respectively. The total capacity additions in compliance with the above constraints 
aggregated to 19.1 GWs (an increase of 130% over BAU scenario), with installed base increasing to 36.2 
GWs in 2050. 16.4 GWs of renewable capacity was installed in the 30-year period with Solar, Wind and 
Offshore Wind additions of 7.9 GWs, 2.5 GWs, and 5.2 GWs, respectively. No storage was added in this 
scenario as well because curtailments were well below the targeted level of 15%, amounting to only 7% 
in 2050. The dependable capacity in 2050 was still 21.1 GWs (reduced to 58.3% of the installed capacity). 
With a significantly increased share of renewables in the mix besides zero emission requirements, 
baseload generation in 2050 is met by 8.5 GWs of CCGT with CCS, running on blended fuel, followed by 
7.5 GWs of CTs, running on SNG, to meet peaking capacity requirements.  
 
In the RE90 case, the RPS was increased to 90% share of renewable energy in the mix by 2050 besides 
intermediate targets of 30% and 60% by 2030 and 2040, respectively. The GHG emissions reduction 
criteria was maintained from the Clean100 scenario. The total capacity additions in compliance with the 
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above constraints aggregated to 55.1 GWs (increase of 564% from BAU and 188% from the Clean100 
scenario), with installed base increasing to 72.1 GWs in 2050. 35.5 GWs of renewable capacity (116% 
increase from the Clean100 case) was installed in the 30-year period with Solar, Wind and Offshore Wind 
additions of 27.5 GWs (3.5 times solar installed in the Clean100 case), 2.5 GWs, and 5.5 GWs, respectively. 
16.4 GWs of Storage was added, by 2050, to keep the curtailments levels at 15%, which resulted from the 
increasingly high share of solar in the electricity mix. The dependable capacity in 2050 was still 21.1 GWs 
(reduced to 29.2% of the installed capacity). With a 90% share of renewables in the mix besides zero 
emission requirements, baseload generation in 2050 is met by 4.0 GWs of CCGT with CCS, running on 
blended fuel, followed by 15.7 GWs of CTs, running on SNG, to meet peaking capacity requirements. The 
higher share of CTs is due to nuclear retirements in 2049 besides CT running on SNG making much needed 
contribution to the RPS share.  
 
5.2 Energy Generation & Electricity Sales 
 
Analysis of the generation mix is important to understand how the installed capacity is being utilized to 
meet the energy demand. The results explained below are based on a merit-order dispatch where 
renewables followed by storage are must-run. Once the renewables have been dispatched, the net load 
is met by nuclear followed by the remaining thermal fleet at marginal pricing on an 8760-hourly basis. The 
generation stack comparing the three scenarios in 2050 is depicted below: 
 
 















Oil Coal Storage Solar Offshore Wind Wind
CT - Gas / RNG CCGT - CCS CCGT - Gas Hydro Nuclear
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In the BAU scenario in 2050, 35.9 TWh (45.9% of the sales) is met by Gas generation of which 97% is CCGT 
and only 3% is CT. The second largest share of the sales is attributed to nuclear accounting for 32.5 TWh 
(41.6% of the energy sales). Solar and Wind contribute around 5.3 TWh and 3.7 TWh, respectively.  
 
In the Clean100 scenario by mid-century, RE dominates the mix with 42.0 TWh of which Solar, Wind and 
Offshore contribute 14.1 TWh, 7.6 TWh and 19.5 TWh, respectively. The second largest share is again 
attributed to nuclear accounting for 23.1 TWh (28.3% of the energy sales). All CCGTs have retired, by 2050, 
and new capacities of CCGT-CCS are run on a blended fuel (Gas + SNG), respectively.  For CTs, the fuel is 
switched from gas to SNG.  
 
In the RE90 case by 2050, RE dominates the mix with 75.3 TWh of which Solar, Wind and Offshore 
contribute 46.5 TWh, 7.6 TWh and 20.5 TWh, respectively. With no nuclear in RE90, the second largest 
share by generation is attributed to CCGT-CCS for 10.4 TWh (11.6% of the energy sales). CTs, though 
installed in a greater share as compared to CCGT-CCS on blended fuel (15.6 GW of CTs as compared to 4.1 




A crucial aspect of the IRP is to meet the required emissions level as per the scenarios and showcase the 
difference in intensity between the BAU and the alternative cases. Both alternative scenarios in this IRP 
are reaching net-zero emissions by 2050 with varying interim goals. For research and modeling purposes, 
only carbon dioxide (CO2) emissions from DEP’s system production are considered.   
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Figure 10: Emissions Analysis for Comparison by each decade 
 
As reflected in Fig.10 above, the GHG emissions in 2020 stand at approximately 16.4 MMT of CO2 annually. 
The BAU scenario depicts a temporary decline of releases to 8.8 MMT annually by 2030 due to more than 
3.2 GWs of coal going offline and upfront renewable deployment to meet the RPS targets. However, 
emissions rise to 10.3 MMT and 12.4 MMT in 2040 and 2050 respectively due to no higher renewable 
targets and natural gas-fired capacity additions to meet increased load. 
   
The alternative cases, both Clean100 and RE90, present for a steady decline of emissions and achieve the 
goal of carbon-neutrality by 2050, while accounting for resource deployments to cater to rising demand 
and plant retirements. They, however, portray a dissimilar slope due to their varying renewable standards 
by decade. Combined cycle gas turbines (CCGT) with carbon capture technology, rather than without, are 
considered post-2020 under both cases to achieve the long-term targets and avoid any stranded assets or 
forced departures, while combustion turbines (CT) are continued to be deployed due to their cost 
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5.4 Total System Costs 
 
All scenarios represent the least-cost designed portfolio as per the constraints put in its modeling while 
resources in all cases are dispatched as per the merit order starting from the lowest marginal cost first. 
The annual total system cost is determined by calculating the fixed resource cost of installation, its variable 
operations and maintenance (O&M) including fuel expenses, and the deployment and maintenance of 
transmission and distribution (T&D) infrastructure. 
 
 
Figure 11: System Costs Comparison by 2050 
 
As can be witnessed in Fig.11 above, the BAU scenario has the lowest overall system costs. With only 
12.5% RPS to comply with and no GHG emissions reduction needed beyond 50% from 2005 levels, it relies 
on lower cost natural gas CTs & CCGTs available to meet the required load and fill in for the expensive 
coal plants shutting down. The total annual revenue requirement, less of any profit calculated, is around 
$ 8 billion in 2050 with an average electric kilowatt-hour unit cost of 10.2 cents.  
 
Both alternative scenarios call for zero emissions by 2050 and have stricter renewable standards to fulfil 
every decade than the base case. Additionally, RE90 case has 3.7 GWs of nuclear plant retirements 











2020 2050 BAU 2050 Clean100 2050 RE90
$
  M
Fixed Cost Variable Cost T&D & Others
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beyond 2020 keeping the long-term carbon-free goal in mind. These CCS-equipped technologies arrive at 
double the capital cost of ones without and must account for a $ 45 per ton carbon capture and 
sequestration cost which considerably raises its operating expenditures. The alternative scenarios also 
account for the fuel switch of combustion turbines in 2050 to SNG which is 10x the price of carbon-
emitting conventional natural gas.  
 
Increasing onshore wind, offshore wind, and solar deployments to satisfy our renewable generation 
standards resulted in a decreasing dependable capacity contribution. The intermittent nature of 
renewable resources called for its large capacity deployment to meet RPS and, with its minimal 
contribution towards dependable capacity, required large capacity deployments for other gas-fired 
technologies to meet its desired reliable state. The alternative scenarios, however, also benefitted from 
high installation of renewables which generated without any fuel inputs or expenses.  
 
To compare the two alternative scenarios, Clean100 has a revenue requirement of $ 11.2 billion in 2050 
with an average rate of 14.3 cents per kilowatt-hour, catering to the 50% RPS by 2050, while RE90 has a 
total system cost of $ 15.3 billion in 2050 with its retail unit rate of 19.6 cents, satisfying a high 90% RPS 
mandate. Overall, RE90 has an approximately $ 7.3 billion and $ 4.1 billion higher revenue requirement 
than the BAU and Clean100, respectively. As a result, its average rate of 19.6 cents is almost double the 
rate of BAU scenario and more than 4 cents higher than the Clean100 modeled scenario.  
 
Lastly, all evaluated cases have a T&D cost adder built into them. Driven from Section 3.4.2.2 with the 
realization that a high sustainable electric future would require investments in an integrated network of 
poles and wires for efficient and reliable transmission of units, around $ 100 million have been considered 
in T&D infrastructure installation costs for every 2 GWs of renewables buildout. This resulted in an 
additional T&D cost via calculated adder of approximately $ 200 million in BAU, $ 800 million in Clean100, 
and $ 1.8 billion in RE90 scenario by 2050 
  
33 | Page 
 
6 Sensitivity Analysis 
6.1 Solar Capacity Factors 
 
An indicative sensitivity analysis was conducted for solar capacity factors (CF) being modeled in the stack 
inputs. The base case was modeled with a CF of 19% - low CF while and an additional case was modeled 
with a CF of 21% - high CF with the stack model being recalibrated for the alternate scenarios – Clean100 
and RE90, to account for changes in the following metrics:  
Total Installed Capacity 
In comparison to the base case, the total installed capacity was reduced by 2.0% (725 MW) and 3.9% 
(2,819 MW) in the Clean100 and RE90 scenarios, respectively.  
Installed Solar Capacity  
The impact on the solar capacity was gauged as it was the only renewable energy input that was not 
constrained as compared to resource limitations on wind and offshore wind capacity additions. In this 
case, the total installed solar capacity was reduced by 8.6% (725 MW) and 10.6% (2,819 MW) in the 
Clean100 and RE90 scenarios, respectively.  
Revenue Requirement  
The impact of reduced capacity expansion, due to higher energy output from the high solar CF, meeting 
the system criteria attributed to a savings of $ 100 Million and $ 400 Million in the Clean100 and RE90 
scenarios, respectively.  
Average Retail Rate 
The direct impact of less capacity being needed to meet system load contributes to a lower average retail 
rate. The rate decline in the Clean100 and RE90 scenarios is 0.1 cents/KWh (0.8%) and 0.4 cents/KWh 
(1.8%), respectively.  
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Clean 100 Units 19% CF 21% CF Change % Change 
Installed Capacity MW 36,159 35,434 725 2.0% 
Solar Capacity MW 8,390 7,665 725 8.6% 
Revenue Requirement $ 11.2 B 11.1 B 100 M 0.8% 
Retail Rate US c/KWh 14.3 14.2 0.1 0.8% 
Table 6: Solar CF Sensitivity for Clean100 
 
RE90 Units 19% CF 21% CF Change % Change 
Installed Capacity MW 72,119 69,300 2,819 3.9% 
Solar Capacity MW 27,717 24,898 2,819 10.2% 
Revenue Requirement $ 15.3 B 15.0 B 300 M 1.8% 
Retail Rate US c/KWh 19.6 19.2 0.4 1.8% 
Table 7: Solar CF Sensitivity for RE90 
 
6.2 SNG Price 
 
Economywide decarbonization efforts and competing uses for the limited renewable gas resource reduces 
its economic potential for the power sector, considering majority of biofuel production in leading states 
is already being currently directed towards transportation 19. As such, with SNG being used as a fuel in 
both Clean100 and RE90 cases to meet the renewable and emission reduction targets, the impact of SNG 
price, driven by its overall supply and demand, was studied on the overall revenue requirement and 
average rate under different future outlooks for both alternative cases. The scenarios utilized for our 
analysis have been obtained from “The Challenge of Retail Gas in California’s Low-Carbon Future”, a report 
sponsored by the California Energy Commission for the future of natural gas project (PIR-16-011), 
conducted by Energy and Environmental Economics and the University of California, Irvine. 
In the optimistic low-price scenario, which we have assumed for our modeling purposes, the price of SNG 
with direct air capture (DAC) stands at $41/MMBtu in 2050 while in the conservative high-price scenario, 
SNG with DAC becomes a marginal resource to decarbonize the gas system at $86/MMBtu. The variation 
in prices stem from differences in power-to-gas industry scale and learning, rate of electrolysis technology 
 
19 (Energy and Environmental Economics (E3), 2020) 
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adoption, and constraints in CO2 and energy sourcing. For our study, we also took the average of the two 
extreme price points to present for a moderate and balanced scenario and calculate its overall impact. 
 
 
Figure 12: Revenue Requirement in Clean100 and RE90 scenarios for SNG Price variations 
 
The total system costs increase by approximately $ 600 million in Clean100 and a massive $ 2.3 billion in 
RE90 when moving from an optimistic price of $41/MMBtu to a more conservative price of $86/MMBtu 
in 2050, as reflected in Figure 12. This is because the RE90 case has around 8 percent of its generation 
powered by SNG compared to just 2 percent for Clean100. As a result, the retail rates rise by less than 1 
cent/kWh in Clean100 but jump by more than 4 cents/kWh in RE90, elevating the average price to around 
23.8 cents/kWh in the high renewable penetration case under the conservative scenario. This showcases 
that our RE90 case with its already modeled average rate of 19.6 cents/kWh, double that of business-as-
usual scenario in 2050, is highly vulnerable to the market dynamics of SNG and can potentially be almost 
9 cents/kWh higher than the Clean100 scenario under the same assumptions. 
 Scenario Unit 
Low Medium High 
$41/MMBtu $63.5/MMBtu $86/MMBtu 
Revenue Requirement  
Clean100 
$ B 
11.2 11.5 11.8 
RE90 15.3 17.0 18.6 
Average Rate  
Clean100 $ / 
kWh 
14.3 14.7 15.1 
RE90 19.6 21.7 23.8 


























This chapter highlights the limitations associated with using a capacity expansion analysis based on a stack 
model. The constraints outlined are not exhaustive and are only presented to give a transparent picture 
of the analysis undertaken.  
Technology Advancement 
The rapid pace of technological progress has not only brought down costs but also made technologies 
drastically better at extracting more energy out of existing potential. A direct impact of this advancement 
is on the technology capacity factors which have increased significantly and contribute heavily towards 
capacity expansion inputs. Though the inputs taken from NREL ATB do account for such enhancements 
however, capacity factor increments may be greater than assumed. The analysis done in Section 6.1. is 
indicative of such impacts.  
Nuclear Load Shape 
The DEP system specifically in the Clean 100 scenario has a significant share of nuclear that provides low 
cost, carbon-free generation. However, in the attempt to reach RPS targets resulting in consciously high 
investments in renewables has resulted in nuclear generation profiles differing from a usual baseload 
resource. Load-following nuclear generation is not typical of nuclear fleets in the United States, but 
examples of such nuclear generation profiles are present in European markets.  
Electricity Trading & Wholesale Markets 
A limitation of the stack model results in electricity import- and export-related market dynamics not being 
considered. Additionally, the imports under current system operations have been modeled as a 
generation resource. Likewise, the system is modeled in an isolated environment where wholesale market 
influences, such as from the PJM for North Carolina, are not accounted for.  
Conformity to Standards 
The Renewable & Energy Efficiency Portfolio Standards (REPS), which are legislated by the North Carolina 
Senate Bill 3, account for both renewable energy and energy efficiency’s contribution towards generation. 
However, for the sake of simplicity, the model does not consider energy efficiency and only an RPS 
standard is considered in the analysis.  
Transmission & Distribution 
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Another limitation of the stack model is that it generalizes investment and capacity enhancements in 
transmission and distribution (T&D) infrastructure while accounting for every associated specialized cost 
for generation investments. Hence, it introduces a margin of error which needs to be accounted for when 
seeking recommendations. Similarly, even T&D losses are not factored in the model which has an impact 
on delivered energy to meet system needs.  
Utility Returns 
The Revenue Requirement, that is comprised of the investments in generation and T&D system, does not 
consider DEP’s internal rate of return which will be granted to the utility from the regulators as the margin 
for undertaking the investments.  
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8 Conclusion & Recommendation 
 
The depicted and modeled Clean100 scenario presents for the least-cost most-efficient pathway to 
achieve a carbon-neutral electric power system by 2050 while accounting for 50% of the electricity sales 
from renewables. First and foremost, this scenario utilizes the nuclear plants currently installed in the 
system beyond 2050, unlike the RE90 scenario. As such, 3.7 GWs of already-installed and operating large-
scale electricity source, without any release of emissions and with minimal variable cost and paid-for 
capital cost, benefits the overall modeled scenario. Secondly, while the Clean100 scenario leverages the 
CCGT-CCS technology and SNG fuel in CTs to limit the emissions and provide dispatchable thermal 
generation, its overall utilization of SNG fuel is less than 2% compared to around 8% in RE90. This low 
reliance on SNG for Clean100 represents that the modeled scenario is less dependent upon a fuel which 
is expected to have limited availability and high price in the future. Thirdly, and most importantly, the 
Clean100 scenario meets the zero-emissions target in 2050 at a 40% higher average electric rate than in 
the BAU scenario but 30% lower to the RE90 scenario where the 2050 rate doubles on the reference case 
rate. Majority of the RE90 cost is attributable to the need to install more dependable capacity to reach an 
operable system due to high renewable penetration compared to both the cases. The overall installed 
capacity by 2050 in RE90 reaches twice that of the Clean100 scenario by the same time frame and as such 
results in 6 cents per unit higher cost for ratepayers compared to the Clean100 scenario.  
Hence, based on the modeling of our three scenarios across renewables and emissions constraints, and 
evaluating them on our overall defined metrics, our recommendation for Duke Energy Progress (DEP) is 
to pursue a Clean100 scenario. 
 
Duke Energy Progress (DEP) has made strong progress lowering CO2 emissions since 2005, achieving a 38% 
reduction, compared to industry average of 33%, across its systems in both North Carolina and South 
Carolina between 2005 and 2019. This is remarkable considering the utility already had a low carbon 
intensity in 2005 compared to other utilities. Furthermore, North Carolina itself ranks 3rd in the nation 
for total solar standing and operating on its network, behind California and Texas. Considering the 
historical performance and determination of both the utility and the state in deploying a sustainable 
energy infrastructure, we believe that DEP can practically pursue the least-cost Clean100 pathway and 
achieve a carbon-free interconnected grid in 2050. 
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Appendix I: Installed Capacity and Generation for BAU Scenario 
Business-as-Usual – Capacity 
 
2020 2030 2040 2050 
 
MW % MW % MW % MW % 
Coal 3,208 19% - 0% - 0% - 0% 
Nuclear 3,730 22% 3,730 18% 3,730 16% 3,730 15% 
CCGT - Gas 6,179 36% 8,814 42% 10,298 45% 11,968 47% 
CT - Gas 2,885 17% 4,375 21% 4,731 20% 4,990 20% 
Solar 224 1% 3,384 16% 3,301 14% 3,160 13% 
Wind - 0% 500 2% 816 4% 1,201 5% 
Storage 9 0% 9 0% - 0% - 0% 
Hydro 227 1% 227 1% 227 1% 227 1% 
Oil 555 3% - 0% - 0% - 0% 
Total 17,017 100% 21,039 100% 23,103 100% 25,276 100% 
Business-as-Usual - Generation 
 
2020 2030 2040 2050 
 
GWh % GWh % GWh % GWh % 
Coal 5,448 9% - 0% - 0% - 0% 
Nuclear 32,650 51% 32,101 50% 32,390 46% 32,562 42% 
CCGT - Gas 24,420 38% 19,251 30% 28,047 40% 34,974 45% 
CT - Gas 41 0% 4,841 8% 1,487 2% 944 1% 
Solar 376 1% 5,677 9% 5,538 8% 5,302 7% 
Wind - 0% 1,522 2% 2,483 4% 3,655 5% 
Storage - 0% - 0% - 0% - 0% 
Hydro 825 1% 825 1% 825 1% 825 1% 
Oil - 0% - 0% - 0% - 0% 
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Appendix II: Installed Capacity and Generation for Clean100 Scenario 
Clean100 – Capacity 
 
2020 2030 2040 2050 
 
MW % MW % MW % MW % 
Coal 3,208 19% - 0% - 0% - 0% 
Nuclear 3,730 22% 3,730 15% 3,730 13% 3,730 10% 
CCGT - Gas 6,179 36% 6,179 25% 3,588 12% - 0% 
CCGT - CCS - 0% 1,440 6% 4,500 16% 8,505 24% 
CT - Gas / RNG 2,885 17% 5,324 22% 6,358 22% 7,555 21% 
Solar 224 1% 5,954 24% 5,871 20% 8,390 23% 
Wind - 0% 1,500 6% 2,000 7% 2,500 7% 
Storage 9 0% 9 0% - 0% - 0% 
Hydro 227 1% 227 1% 227 1% 227 1% 
Offshore Wind - 0% 200 1% 2,752 9% 5,252 15% 
Oil 555 3% - 0% - 0% - 0% 
Total 17,017 100% 24,563 100% 29,026 100% 36,159 100% 
Clean100 – Generation 
 
2020 2030 2040 2050 
 
GWh % GWh % GWh % GWh % 
Coal 5,448 9% - 0% - 0% - 0% 
Nuclear 32,650 51% 29,519 46% 26,824 38% 23,059 28% 
CCGT - Gas 24,420 38% 18,091 28% 13,395 19% - 0% 
CCGT - CCS - 0% - 0% 7 0% 16,073 20% 
CT - Gas / RNG 41 0% 551 1% 4,009 6% 209 0% 
Solar 376 1% 9,989 16% 9,850 14% 14,076 17% 
Wind - 0% 4,565 7% 6,086 9% 7,608 9% 
Storage - 0% (0) 0% - 0% - 0% 
Hydro 825 1% 825 1% 825 1% 825 1% 
Offshore Wind - 0% 744 1% 10,232 14% 19,528 24% 
Oil - 0% - 0% - 0% - 0% 
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Appendix III: Installed Capacity and Generation for RE90 Scenario 
RE90 - Capacity 
 
2020 2030 2040 2050 
 
MW % MW % MW % MW % 
Coal 3,208 19% - 0% - 0% - 0% 
Nuclear 3,730 22% 3,730 13% 3,730 8% - 0% 
CCGT - Gas 6,179 36% 7,379 26% 6,651 14% 0 0% 
CCGT - CCS - 0% 1,200 4% 3,063 6% 4,063 6% 
CT - Gas / RNG 2,885 17% 5,562 20% 7,766 16% 15,698 22% 
Solar 224 1% 8,302 30% 19,008 39% 27,717 38% 
Wind - 0% 1,500 5% 2,000 4% 2,500 3% 
Storage 9 0% 9 0% 3,734 8% 16,414 23% 
Hydro 227 1% 227 1% 227 0% 227 0% 
Offshore Wind - 0% 200 1% 3,000 6% 5,500 8% 
Oil 555 3% - 0% - 0% - 0% 
Total 17,017 100% 28,109 100% 49,179 100% 72,119 100% 
RE90 - Generation 
 
2020 2030 2040 2050 
 
GWh % GWh % GWh % GWh % 
Coal 5,448 9% - 0% - 0% - 0% 
Nuclear 32,650 51% 28,026 43% 18,921 24% - 0% 
CCGT - Gas 24,420 38% 16,474 25% 7,975 10% 0 0% 
CCGT - CCS - 0% - 0% - 0% 10,448 12% 
CT - Gas / RNG 41 0% 457 1% 2,145 3% 6,359 7% 
Solar 376 1% 13,928 21% 31,890 41% 46,502 52% 
Wind - 0% 4,565 7% 6,086 8% 7,608 8% 
Storage - 0% (1) 0% (734) -1% (2,622) -3% 
Hydro 825 1% 825 1% 825 1% 825 1% 
Offshore Wind - 0% 744 1% 11,154 14% 20,450 23% 
Oil - 0% - 0% - 0% - 0% 
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Appendix IV: Fuel Price Inputs - Base 
Fuel Costs ($/MMBtu)  
 
Coal Gas Oil RNG Blend Uranium 
2020 1.96 2.45 17.71 N/A N/A 0.69 
2030 1.83 3.61 19.12 N/A N/A 0.7 
2040 1.81 3.77 21.08 N/A N/A 0.72 
2050 1.79 3.9 22.38 41 7.61 0.74 
 
Appendix V: Cost Inputs 
 
Variable O&M ($/MWh) Fixed O&M ($/kw-yr) Annual Fixed Cost ($/kw-yr) 
 
2020 2030 2040 2050 2020 2030 2040 2050 2020 2030 2040 2050 
Coal 4.4 4.4 4.4 4.4 39.7 39.7 39.7 39.7 294.8 289.3 281 271.1 
Nuclear 2.3 2.3 2.3 2.3 119 119 119 119 624 596.7 563.9 528.6 
CCGT 2.2 2.2 2.2 2.2 12.9 12.9 12.9 12.9 85.1 79.5 77.1 74.7 
CCGT - 
CCS 
21.9 21.9 21.9 21.9 27 27 27 27 209.7 186.1 173.3 161.1 
CT  4.5 4.5 4.5 4.5 11.4 11.4 11.4 11.4 77.4 72.2 70 67.9 
Solar 0 0 0 0 15.9 9.8 8.9 8.1 96.4 59.6 54.3 49 
Wind 0 0 0 0 42.5 39 36 33.1 151.3 134.3 120 105.1 
Storage 0 0 0 0 36.4 20.4 17.9 15.3 122.9 69.1 60.4 51.8 
Hydro 0 0 0 0 43.9 43.9 43.9 43.9 484.1 484.1 484.1 484.1 
Offshore 
Wind 
0 0 0 0 118.4 74.9 63.2 56.9 396.3 270.6 230 206.6 
 
